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Objective To analyze the results of clinical and bacteriological examinations of crush
syndrome patients admitted to our institute after the Marmara earthquake.
Methods Data were collected retrospectively from patients’ ﬁles. Forty patients are
included. Their mean age was 31.5 13.5 years and 18 were male. Their mean time under
the rubble was 13.1 14.4 h. Fasciotomies were performed on 41 extremities of 30
patients. One hundred and twelve (mean 2.9 1.9 samples/patient) bacteriological
samples were collected from wounds (51), blood (23), urine (25) and catheters (13).
Results Microbial growth was detected in 67 samples from 38 (95%) patients. Non-
fermenting Gram-negative bacilli, Gram-positive cocci, Enterobacteriaciace and yeast-like
fungi were isolated in 67%, 17%, 12% and 4% of the samples, respectively. Acinetobacter
(36%) and Pseudomonas aeruginosa (21%), the major bacterial isolates from wound
infections, were resistant to carbapenems and sensitive to quinolones. As the hospitaliza-
tion period increased, other infections supervened. Gram-positive cocci and non-fer-
mentingGram-negative bacilli were detected in six blood and seven catheter samples and
methicillin-resistant Staphylococcus aureus was the major isolate. Nine (22%) of the
patients died due to sepsis despite all supportive therapies.
Conclusions Infections are still major factors in crush syndrome-related deaths.
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INTRODUCTION
Earthquakes most frequently cause the onset of
crush syndrome-related acute renal failure is
earthquakes. A very severe earthquake struck
Turkey at 03:02 h on August 17, 1999. The disaster
registered 7.4 on the Richter scale and hit an area
of 200 km 40 km in North-western Turkey
(Marmara). According to the ofﬁcial statistics,
the earthquake caused 17 480 deaths and 43 953
people were injured, of whom many were trans-
ferred to the nearest hospitals, one of which was
our center [1].
The mortality rate from crush syndrome asso-
ciated with acute renal failure remains high
despite major advances in critical care [2,3]. The
treatment of injured limbs is especially important
since any fasciotomy carries the risk of two main
complications; bleeding from the fasciotomy site
and infection [4]. Both of these problems can pro-
long hospitalization and result in increased mor-
bidity and mortality.
The main cause of mortality is the infections
that affect 30–86% patients with blunt or penetrat-
ing trauma [5]. The risk of infection is directly
related to the size of inoculum at the primary site
and the systemic and local defence mechanisms
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[6]. Patients who have sustained crush injury also
lose one of the main defensive barriers, namely the
skin, and wounds may become contaminated with
foreign bodies containing exogenous micro-organ-
isms or with the patient’s own ﬂora of endogenous
micro-organisms [7,8].
This study aims to analyse the results of clinical
and bacteriological examinations of crush syn-
drome patients admitted to our institute after
the Marmara disaster.
PATIENTS AND METHODS
Nine hundred and sixty injured patients were
admitted to the emergency units of the Istanbul
Medical Faculty and 321 (33%) of them were hos-
pitalized. Sixty (18%) patients (30 male, 30 female)
with a mean age of 31.3 13.8 years (range 8–62
years) were diagnosed as suffering from crush
syndrome, i.e. the systemic manifestation of mus-
cle injury caused by prolonged limb compression
sustained in crush injury and characterized by
hypovolemic shock, hyperkalemia, acute renal
failure and muscle necrosis [2,4]. For the purpose
of this analysis, at least one of the following criteria
was used; the presence of crush injury and urine
output <400mL/day and/or blood urea nitrogen
>40mg/dL, serum creatinine >2.0mg/dL, uric
acid >8.0mg/dL, potassium >6.0 mEq/L, phos-
phorus >8.0mg/dL, bicarbonate <15 mEq/L
and/or serum total calcium <8.0mg/dL. Micro-
biological data was available for only 40 (67%)
patients. Data concerning these 40 patients’ demo-
graphics, physical and laboratory ﬁndings, treat-
ment modalities and outcomes were collected
retrospectively from the hospital ﬁles.
In each patient, blood chemistry was deter-
mined after the physical examination, both at
admission and thereafter. Anatomical injury sites
were described as thorax, abdomen, head, and
lower and upper extremities. Besides supportive
therapy, fasciotomy was carried out in patients
according to the indications of the clinical ﬁndings.
Although measurement of intracompartment
pressure is of vital importance, it could not be
determined in these patients. Lower extremity
fasciotomies were performed according to Tar-
low’s technique in the thigh and Mubarak and
Hargens’ techniques in the leg [9,10]. After a fas-
ciotomy, the incision site was re-examined after
72 h and if no wound infection was present, split
thickness skin grafts were applied [9,10].
Bacteriological samples were collected from dif-
ferent sources, such as blood, urine and catheters,
in patients with fever and leukocytosis. Wound
specimen cultures were obtained during the ﬁrst
visit fromall of thepatients,with orwithout clinical
signs, as deep tissue biopsies, whereas subsequent
cultures were obtained only from patients with
fever and/or signs of inﬂammation. Superﬁcial,
devitalized tissue was removed by curettage and
thereafter tissue was obtained aseptically.
Blood was cultured in patients with fever and
systemic signs of sepsis, such as rigors, alteration
of consciousness, tachypnea, tachycardia and drop
in arterial blood pressure. Blood was obtained
from three different vein punctures (one from
the central venous catheter if present) and was
inoculated in three separate bottles for aerobic and
anaerobic cultures.
For the patients with fever and indwelling
catheters complicated by swelling and tenderness
at the catheter exit site for three days or more, the
catheters were removed as soon as possible and
their tips were cultured semiquantitatively [11].
Colonization of the catheter was deﬁned as >15
colony forming units in cultures obtained by roll-
ing proximal or distal catheter segments on plates
[11].
All isolated bacteria were identiﬁed and the
antimicrobial susceptibilities of the isolates were
determined by the disk diffusion method
described in NCCLS M2-A7 [12].
Vascular access for bicarbonate hemodialysis
was maintained by double lumen catheters, which
were inserted percutaneously into central veins.
The clinical data are expressed as mean
values SD and range as indicated. Difference
ofmean values between two groupswas evaluated
by Student’s t-test using the SPSS PC 8.0 package
program (SPSS Inc, Chicago, IL, USA). A P-value
of less than 0.05 was considered statistically sig-
niﬁcant.
RESULTS
The mean age of the patients (18 male and 22
female) was 31.5 13.5 years (13–62 years). The
mean duration under the rubble was 13.1 14.4 h
(4–80 h) and the patients had been transferred to
our hospital 107.4 118.3 h (24–600 h) after the
earthquake.
Fasciotomies were performed on 41 extremities
of 30 (14 male, 16 female; mean age: 30.2
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13.3 years; 75%) victims who were trapped under
the rubble for a mean of 10.1 3.5 h. There were no
statistically signiﬁcant differences related to the
gender and age of patients, with or without fascio-
tomies (P¼ 0.71 and 0.31, respectively). Five had a
history of either abdominal or thoracic trauma,
and one had an amputation of the lower limb.
A total of 112 (an average of 2.9 1.9/patient)
bacteriological sampleswere collected at amean of
46.6 14.5 h (22–74 h) after admission to our hos-
pital, from suppurative wounds (51 sites, 45%),
urine (25 samples, 24%), blood (23 samples, 20%)
and catheter specimens (13 samples, 11%).
Microbial growth was detected in 67 (60%) of
the samples. Non-fermenting Gram-negative
bacilli, Gram-positive cocci, Enterobacteriaciae and
yeast-like fungi were isolated in 67, 17, 12 and 4%
of the wound samples, respectively (Table 1).
Acinetobacter and Pseudomonas aeruginosa, the
major bacterial isolates of wound infections, were
mainly resistant to carbapenems and sensitive
to quinolones. The susceptibilities of all Gram-
negative bacteria were as follows; ceftriaxone
5%, cefepime 6%, cefaperazone/sulbactam 20%,
gentamicin 35%, netilmicin 40%, oﬂoxacin 40%,
ciproﬂoxacin 45%, amikacin 50%, imipenem 60%
and meropenem 60%.
As the hospitalization period lengthened, infec-
tions other than wound suppurations supervened.
As a result, Gram-positive cocci and non-ferment-
ing Gram-negative bacilli were detected in six (9%)
different blood and seven (10%) catheter samples.
Positive blood cultures did not differ signiﬁcantly
between the fasciotomized and non-fasciotomized
patients (P¼ 0.31). Methicillin-resistant Staphylo-
coccus aureus was the major isolate and the
susceptibilities of Gram-positive bacteria were as
follows; penicillin 10%, ampicillin/sulbactam and
amoxicillin/clavulanate 40%, oxacillin 14%, gen-
tamicin 30%, ciproﬂoxacin 35%, oﬂoxacin 35%,
fusidic acid 70%, vancomycin and teicoplanin
100%. Vancomycinwas prescribed for the patients.
At the same time, three (12%) patients, all of whom
were female, had urinary tract infections.
Nine (22%) of the patients (eight requiring dia-
lysis treatment) died, despite supportive therapy.
Among these, only one patient was not fascio-
tomized (P¼ 0.27). Sepsis was the major cause
of death in four patients, three of whom had
fasciotomies.
DISCUSSION
Many cases of acute renal failure can be compli-
cated and/or exacerbated by infection and it is
well known that sepsis is an important predictor
and cause of death in those with renal failure
[13,14]. Mortality in the case of acute renal failure
complicated with medical conditions, mainly
infections, is reported to be as high as 55% [15].
Only a few days after admission to our unit,
fasciotomy sites became the main site of infection.
Wound infection at the crush injury site is reported
to be the result of aerobic and opportunistic anae-
robic bacteria [7,16]. If not adequately treated by
surgical and medical intervention, the risk of sub-
sequent complications, especially sepsis, is high
and the outcome is poor [4]. There is controversy
with regard to the necessity of fasciotomy; some
claim that open wounds inevitably result in ser-
ious infections and subsequent loss of protein-rich
ﬂuids, while others emphasize the importance of
relief of intracompartmental pressure and radical
debridement of dead muscle as soon as possible
because of the danger of necrosis due to poor
perfusion, palsies due to nerve entrapments and
severe infection [4,17].
A detailed microbiological study of wound
infections can differentiate between aerobic and
anaerobic causes, thus leading to the appropriate
antimicrobial treatment [16]. In many of our
patients, anaerobic cultures were not taken since
fasciotomies were performed on many patients at
the disaster site, and these had been given wide
spectrum antibiotics such as carbepenems and
broad-spectrum cephalosporins. Acinetobacter spp.
and P. aeruginosa were found to be the major
bacterial isolates from wound infections. Since
Table 1 The frequency of isolation of different bacterial
species
Wound
culture
Blood
culture
Urine
culture
Catheter
culture
Acinetobacter spp. 23 – – 1
Pseudomonas
aeruginosa
11 2 1 –
Methicillin-resistant
Staphylococcus
aureus
9 4 1 5
Serratia marcescens 2 – – –
Klebsiella pneumoniae 2 – – –
Enterobacter spp. 2 – – –
Candida albicans 2 – – –
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these Gram-negative organisms are mainly found
in hospital environments and can colonize easily,
they were very probably nosocomial infections.
Unfortunately, these infections were mainly resis-
tant to carbapenems, which had been adminis-
tered to some of the patients with large, dirty
wounds as pre-emptive treatment even before
they reached the reference hospitals.
Although staphylococci and streptococci are the
usual pathogens in wound infections, they were
not detected in wound cultures in the present
series. Both species were mainly identiﬁed in the
catheter and blood cultures taken after the ﬁrst
week of hospitalization. Another striking ﬁnding
was the non-occurrence of myonecrosis. The stan-
dard use in our center of cefazolin for clean
wounds or cefazolin plus metronidazole or ampi-
cillin/sulbactam for dirty wounds and the non-
standard use of carbapenems in disaster areas
could have contributed to the lack of both myo-
necrosis and wound infections caused by staphy-
lococcal and streptococcal species [18]. Also, in the
present series of patients, if prophylaxis did not
improve the condition of the wounds within 48 h,
the number of dressings was increased as much as
possible, which also had a favorable effect in the
prevention of this complication. If further debri-
dement or any surgical procedure was needed,
preoperative therapy was once more adjusted.
It has been reported that as the hospitalization
period lengthens due to acute renal failure, the risk
of nosocomial infections in the emergency setting
increases [16,19]. In our series, although all of the
patients were in one ward and admission to that
particular ward was restricted, the limited number
of medical personnel and the absence of adequate
means for handling an acute renal failure epidemic
could have resulted in an increased number of
infections. In order to control the risk of nosoco-
mial infections, indwelling catheters, especially
urinary catheters and venous lines, were removed
as soon as possible, and upon any sign of infection,
blood cultures were obtained and antibiotics were
changed accordingly.
Though extensive support wasmaintained, nine
of the patients died. All but one of the patients
were fasciotomized and the cause of mortality was
sepsis in four of them.
It was concluded that despite vigorous care,
infections are still a major factor in mortality
related to crush syndrome-related deaths. As most
of the infections arose from fasciotomy wounds,
establishing the necessity of fasciotomies based on
clear indications should result in a lower incidence
of infection, and hence in improved outcome.
Appropriate microbiological samples should be
obtained before prescribing any prophylactic
and pre-emptive medication and if this is not
possible, the probable causative agents should
be considered and therapy should be administered
accordingly.
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